advances, including transabdominal and endoscopic US applications, and also the use of contrast-enhanced US indicate great potential for the evaluation of both luminal and extraluminal masses in CC diagnosis. A detailed discussion of the role of US in the diagnosis of CC, however, is beyond the scope of this review as it is mainly focusing on the cross-sectional imaging techniques CT, MRI, and PET/CT. When CC is suspected in US due to dilatation of the intrahepatic biliary or an intrahepatic mass, further investigations are generally performed with a second-level imaging modality such as CT or MRI.
Computed Tomography
CT is performed in up to 90% of suspected CC, offering the opportunity of assessing the full extension of the tumour and determining potential surgical resectability. Additionally, pathological details, such as vascular infiltration and the presence of lymph node metastasis, can be estimated. In primary staging of CC, multiphase CT scanning protocols are recommended. By means of precontrast scanning ( fig. 2A ), intraductal stones (as one of the risk factors of CC) can be identified [11, 12] . In the arterial phase, the exact arterial anatomy of the liver and surrounding structures can be displayed, allowing for planning the surgical method in detail ( fig. 2B ). In the portal venous phase ( fig. 2C ), CC mainly show incomplete rim-like contrast enhancement at the tumour periphery and low intratumoural attenuation, increasing the precision in estimating the tumour size and the detection of satellite nodules [13] . In late-phase scans (5-10 min after contrast injection), a late enhancement of the tumour can be observed, representing the amount of fibrous stroma. In case of tumour necrosis and/or mucin-containing cells, the delayed enhancement may disappear [14] . Due to the volumetric scanning technique, CT images can be used in preoperative management to estimate the liver volume and potential liver remnants, avoiding postoperative small-for-size-syndrome [15, 16] . Based on this information, alternative surgical procedures like 'associating liver partition and portal vein ligation for staged hepatectomy' (ALPPS) can be considered [17] . As already described, the main morphologic pattern of iCC can be characterized as mass-forming, periductal infiltrating, and intraductal growth which can be visualized using CT imaging.
Mass-forming iCC usually appears as a homogeneous low-attenuating mass on non-contrast-enhanced scans. After contrast media injection, an irregular peripheral enhancement with only minor enhancement in the centre of the tumour can be observed [13] . The degree of central contrast enhancement is increasing from arterial-to late-phase images and depends on the amount of central tumour fibrosis. Additional findings like capsular retraction and dilatation of bile ducts distal to the mass are typical. Narrowing of portal or hepatic veins is observed less frequently. Vascular invasion typically leads to lobar or segmental atrophy of the liver [18] . Periductal infiltrating iCC is characterized by a growth pattern along the bile duct without mass formation. The involved bile ducts can be dilated or narrowed but show diffuse periductal thickening with increased enhancement from arterial-to delayedphase CT. Usually, a dilatation of the distal bile ducts is present [13] . Intraductal growth of iCC is primarily characterized by an irregular duct calibre. Usually, focal duct ectasia with or without a visible intraductal mass can be detected. In case of intraductal mass, a hypoattenuation with irregular margins can be observed on pre-contrast imaging, showing increasing contrast enhancement in portal venous-and delayed-phase images [13] . Imaging-based preoperative differentiation of growth pattern of eCC into nodular, sclerosing, and papillary remains challenging and does not seem to be of primary importance concerning the surgical strategy [19] .
Primary Staging of Intrahepatic Cholangiocarcinoma
The literature on staging iCC by CT is poor. Prognosis of iCC depends on the tumour size, lymph node metastasis, quantity of hepatic tumours or intrahepatic metastasis, and vascular invasion. In comparison with MRI, CT seems to be more sensitive in detecting vascular involvement and extrahepatic invasion; therefore, it may be advantageous in the primary staging of iCC [20] . Additionally, CT might be more accurate than MRI in predicting the resectability of iCC, with an accuracy of up to 88% and a negative predictive value of 85-100% [21] .
Primary Staging of Perihilar Cholangiocarcinoma
Based on 16 articles, a meta-analysis from 2012 estimated the accuracy of CT in staging pCC [22] . When judging the ductal extent of the tumour, CT showed an overall diagnostic accuracy of 86% (95% confidence interval (CI): 77-92%). Portal vein involvement was detected by CT with a sensitivity of 89% (95% CI: 80-94%) and a specificity of 92% (95% CI: 85-96%). CT diagnosis of hepatic artery involvement showed a sensitivity of 84% (95% CI: 63-94%) and a specificity of 93% (95% CI: 69-99%). The accuracy of CT in detecting lymph node metastasis seems to be limited, with a reported sensitivity of 61% (95% CI: 28-86%) and a specificity of 88% (95% CI: 74-95%). Concerning the evaluation of distant metastasis, CT showed a sensitivity of 67% and a specificity of 94%. So far, there are only a few studies which directly compare the accuracy of CT and MRI in the staging of pCC with controversial findings. In one study, the accuracy of estimating the intraductal tumour size was a little higher for MRI (71%) than for CT (64%) [23] . A second study favoured CT with an accuracy of 80% (MRI 75%) for the estimation of the intraductal tumour size [24] .
Primary Staging of Extrahepatic Cholangiocarcinoma
In the staging of eCC, determining the exact tumour localization and its longitudinal and lateral expansion is of primary importance as the surgical resection method and the patient's prognosis both depend on these factors. Tumour localization is commonly described by using the modified Bismuth-Corlette classification (type I involves the common hepatic duct, type II involves the hepatic duct bifurcation, types IIIA and IIIB involve the right and left hepatic ducts, respectively, and type IV involves both the right and left hepatic ducts) [25] . Following the current T staging based on the seventh edition of the American Joint Committee on Cancer (AJCC) staging system [26] , proximal and distal eCC are differentiated and T1 tumours are limited to the bile duct, whereas T2 tumours extend beyond the wall of the bile duct. With imaging (CT, MRI) and even in histopathology, the exact determination of the border of the bile duct is difficult [27] . Therefore, an accurate preoperative distinction of T1 and T2 tumours does not seem to be possible. Up to now, little is known about the exact accuracy of CT in the staging of eCC. The main issue constitutes the determination of tumour spread outside the wall of the bile duct, potentially affecting adjacent structures like the portal vein and hepatic artery, the hepatoduodenal ligament, and the head of the pancreas in T3 and T4 tumours. Preoperative CT-based three-dimensional space (3D) angiography and multiphase fusion imaging technique may be helpful in planning the surgical intervention, potentially minimizing operating time, the extent of surgical resection, and blood loss [28] .
Prognosis
In mass-forming iCC, the degree of enhancement on delayedphase CT scans seems to be a potential prognostic indicator. Asayama et al. [29] postulated a worse prognosis for patients with an intratumoural enhancement greater than two thirds on the delayed images. Two studies including 42 and 70 patients with iCC and operative resection showed strong correlations between augmented arterial tumour enhancement in preoperative CT, histopathological vascularity, and higher survival rate. Histological examination of these tumours demonstrated a smaller amount of fibrotic tissue and necrosis but a higher cellularity [30, 31] . The estimated overall accuracy of CT in evaluating tumour resectability ranges between 60 and 75% [32, 33] .
Recurrent Disease
The probability of local recurrence and distant metastasis in iCC is high. Hyder et al. [34] analysed recurrence patterns of 301 patients who underwent surgical resection of iCC between 1990 and 2011. During the follow-up of 31 months, 53.5% patients developed recurrent, 60.9% intrahepatic, 21% extrahepatic, and 18.6% simultaneous intra-and extrahepatic disease [34] . Most frequently, metastases are found in the lungs (24%), peritoneum (18%), and bones (14%) [35] . Therefore, follow-up restaging CT in CC patients has to cover the thorax and main part of the skeletal system.
Novel Computed Tomography Techniques
Contrast-enhanced dual-energy CT (DECT) offers the opportunity of calculating virtual non-enhanced images, thus allowing the detection of bile duct stones without pre-contrast scanning [36] . Additionally, hepatic calcifications can be accurately diagnosed when using this technique. Due to the utilization of iodine mapping and monoenergetic extrapolation, the detectability of vascularity of the liver and thrombosis can be improved [37, 38] . Marin et al. [39] showed a significant improvement of the conspicuity of hypervascular liver tumours by using low-keV (kilo electron volt) monoenergetic reconstructions. Analysing the virtual spectral curves from monoenergetic reconstructions of focal liver lesions might be helpful in differentiating benign from malign liver tumours [40] . Potential risk factors of CC like steatosis and iron overload can be estimated by employing dedicated DECT post-processing techniques [41, 42] . Functional imaging of volume perfusion CT (VPCT) can help to assess the exact vascularization of the tumour in CC. Compared with the normal parenchyma, CC usually shows increased hepatic arterial perfusion, increased blood volume, and decreased portal perfusion [43, 44] . Due to novel treatment regimens such as anti-angiogenetic drugs or targeted therapies, VPCT might be a helpful monitoring tool for judging treatment response by revealing changes in tumour vascularization in the absence of significant changes in tumour size [18] . Novel techniques in CT post-processing like frequency-selective non-linear blending may offer additional benefits in the diagnosis of CC [45] .
Magnetic Resonance Imaging
In recent years, the field of abdominal MRI experienced a tremendous development, resulting in more reliable imaging sequences and increased image quality, which in turn led to improved tumour detectability, for instance in the case of liver tumours [46] . In comparison to other imaging techniques, MRI enables higher tissue contrast. According to current guidelines, MRI is the modality of choice for the diagnosis and staging of CC [47] .
For the assessment of CC, comprehensive imaging protocols not only including the liver but also covering the biliary tract and pancreas should be applied in order to rule out other malignancies such as pancreatic head adenocarcinoma. A typical MRI protocol for the assessment of CC encompasses magnetic resonance cholangiopancreatography (MRCP), conventional T1-and T2-weighted sequences, as well as diffusion-weighted imaging (DWI) and dynamic contrast-enhanced (DCE) MRI [48] . Furthermore, MRI with hepatocyte-specific contrast agents is often performed for the assessment of CC [49] .
MRCP is a non-contrast MRI technique for assessing the biliary system [50] . In fact, MRCP is the most accurate non-invasive imaging technique for the assessment of the biliary system [51] . It allows accurate tumour assessment in both proximal and distal bile ducts [51] . For appropriate depiction of the biliary system in MRCP, heavily T2-weighted sequences with very long echo time are obtained, resulting in high (i.e. hyperintense) fluid signal in the bile ducts and low (i.e. suppressed) background signal [48] . MRCP sequences are usually acquired using a combination of thick-slab radial T2 sequences and thin 3D T2 sequences. The thick-slab sequences provide a good overview of the biliary system with a good suppression of the surrounding tissue, whereas the thin 3D T2 sequences provide high spatial resolution and allow for the detection of small abnormalities in the bile ducts such as small masses and/or strictures [48] .
In addition to MRCP, which is useful for depicting intraductal CC tumour growth, DWI, DCE-MRI, and late-phase sequences with hepatocyte-specific contrast agents are helpful in the assessment of extraductal tumour growth as well as in the depiction of tumour masses within dilated bile ducts [48, 52] .
MRI, especially in combination with MRCP, has a high diagnostic accuracy for the assessment of CC. Park et al. [53] showed that MRCP and MRI revealed a comparable diagnostic accuracy with invasive cholangiography combined with CT imaging for the detection of CC.
Preoperative MRI is commonly performed in patients with CC in order to assess the extent, resectability, and vascular involvement of the tumour. It is also employed for road mapping of the hepatic vessels and for visualization of vascular anatomic variants. Accurate preoperative assessment of liver vasculature has been shown to significantly affect the surgical outcome in patients with CC [54] .
Besides the preoperative staging and follow-up imaging of CC, MRI and MRCP play a central role in the surveillance of patients with an increased risk of CC, e.g. those with PSC. The lifetime incidence of CC in patients with PSC ranges from 5 to 10% [48] . According to recent recommendations, MRI including MRCP is appropriate for the surveillance of those patients [55] . 
Magnetic Resonance Imaging of Mass-Forming Cholangiocarcinoma
Mass-forming CC are often seen in iCC and usually appear as T1 iso-or hypointense as well as T2 hyperintense [56] . Contrast enhancement of mass-forming iCC is variable. The most frequent pattern is peripheral enhancement on early images, which progresses on late images [57] (fig. 3) . Contrast enhancement patterns depend on the tumour size, structure, and composition; small tumours with less fibrotic tissue may show homogeneous enhancement, whereas large fibrotic tumours may only enhance in late images.
When using hepatocyte-specific contrast agent, mass-forming iCC often has a cloud-like appearance with a central hyperintense area and a rim with lower signal intensity [58] .
Extrahepatic ductal CC can also appear as a mass mimicking pancreatic adenocarcinoma. In these cases, assessment of the pancreatic duct on MRCP can help to differentiate both tumour entities.
Magnetic Resonance Imaging of Periductal Cholangiocarcinoma
Periductal growth is usually seen in pCC and eCC [59] . Periductal CC grows alongside the wall of the bile duct, resulting in wall thickening and narrowing of the affected segment and dilation of the proximal intrahepatic bile ducts as seen on T2-weighted images and MRCP ( fig. 4) [60] . Periductal CC usually shows slow contrast enhancement, which is best seen in late contrast-enhanced images [59] .
Magnetic Resonance Imaging of Intraductal Cholangiocarcinoma
Similar to mass-forming CC, intraductal CC begins to enhance on early post-contrast images, with peak enhancement on late post-contrast images [18] . MRCP is very suitable for the detection of intraductal CC, with a higher diagnostic accuracy when compared to CT [18, 48] .
Positron Emission Tomography/ Computed Tomography
Primary Staging PET/CT is increasingly being recognized as a diagnostic tool in order to provide valuable information for the evaluation of CC. Regarding primary tumour detection in PET/CT, a meta-analysis of 1,232 patients in 23 studies provided high sensitivities of 95% and specificities of 83% for iCC [61] , with a decrease to 84% and 76% in sensitivity and to 95% and 74% in specificity being found when evaluating pCC and eCC, respectively. This indicates a dependency of primary tumour evaluation on tumour localization. Other studies provide even lower sensitivities of 55% for primary staging of pCC in 18 F-FDG ( 18 F-fluorodeoxyglucose) PET/CT [62] . Other false-negative issues include infiltrative growth, periductal sclerosing, and tumours with a high fraction of mucin [63] . The diagnostic performance of 18 F-FDG PET/CT in primary tumour evaluation of CC, however, depends on several aspects. First of all, there may be false-positive results due to concomitant inflammatory changes of the bile ducts, caused either by tumour-induced bile retention or chemotherapy or following invasive procedures such as implantation of intraluminal bile duct stents. Furthermore, 18 F-FDG PET/CT is limited in detecting small tumours, as only tumours > 1 cm in diameter are eligible for confident detection by this method [64, 65] . Additionally, the different histopathological subtypes and the anatomical location of the tumour need to be considered when performing 18 F-FDG PET/CT.
Several studies indicate that in eCC especially, late 18 F-FDG PET imaging (image acquisition after injection 120 min and longer) could be helpful in differentiating benign bile duct strictures from malignant tumours. This theory is based on the continuous uptake of 18 F-FDG in malignant cells over 3 h, whereas benign diseases tend to show a decline in 18 F-FDG uptake over time. This approach might be a helpful tool when using semiquantitative [66] or visual assessment [67] , with a small increase in diagnostic sensitivity (76 vs. 79%) and accuracy (76 vs. 80%) being found, whereas specificity remained the same (80%) in 39 patients, thereof 34 patients with CC [66] . Although some studies indicate a correlation between tumour-to-normal liver ratio (TNR) and standardized uptake values (SUV) in 18 F-FDG PET/CT (65 patients, thereof 47 CC patients) [68] , other studies could not confirm this finding and did not find any correlation between tumour marker levels and SUV values (65 patients with ICC) [69] . However, it is worth noting that 18 F-FDG PET/CT-induced therapy regimens have been reported in 17-24% [69] , indicating a substantial merit of this hybrid technique regarding the correct evaluation of N and M staging. Determination of N staging is crucial because it correlates with the 5-year survival rates which vary from 27% for N1 (regional lymph nodes in the hepatoduodenal ligament) to 50% for N0 [70] . Special emphasis lies on the detection of the N2 stage (lymph nodes periaortic, pericaval, or adjacent to the mesenteric or celiac artery), as these are being considered as a contraindication for tumour resection [70] . 18 F-FDG PET/CT showed a significantly higher specificity (88.2 vs. 64.7%) and accuracy (75.9 vs. 60.9%) for N staging in comparison to CT alone (sensitivity: PET/CT 80% vs. CT 20%; specificity: 92.3 vs. 86.4%, respectively) [63, 71] . However, Kluge et al. [72] examined the role of PET in the diagnosis and staging of CC and did not confirm a positive N staging in their collective of 26 patients; they did mention the significant influence of 18 F-FDG PET on M staging (metastases in liver, peritoneal cavity, distant lymph nodes, lung, bones, and brain), though. As advanced biliary cancer shows huge metabolic differences between the tumours [73] and detection of peritoneal carcinomatosis is difficult even in 18 F-FDG PET/CT imaging, the additional information of 18 F-FDG PET/CT regarding primary staging of CC in general was relatively low in comparison to conventional imaging including diagnostic laparoscopy [22] . However, the usefulness of preoperative 18 F-FDG PET/CT in CC for N and M staging is stated in the National Comprehensive Cancer Network (NCCN) guidelines [74] .
In conclusion, the evaluation of tumour resectability by means of different imaging methods reveals that CT imaging is the standard, with high reported sensitivities and specificities (for pCC: sensitivity 91-97%, specificity 63-75%) but with limitations in small hepatic lesions and small lymph node metastasis, where PET/CT seems a promising diagnostic tool. MRI provides comparable results (sensitivity 90-97%, specificity 60-81%), with limitations concerning the evaluation of the vessel involvement with a decreased sensitivity of 73% [75] .
Recurrent Disease
Even in the 30% of patients with apparently primarily resectable tumours according to imaging, tumour recurrence occurs in up to 60-80% in the following 5 years [76] . The localization of tumour recurrence is mainly next to the resection zone and the hilum including locoregional lymph nodes [77] . Standardized imaging follow-up includes conventional imaging with CT or MRI [78] . In case of elevated tumour markers but negative conventional imaging, 18 F-FDG PET is helpful in the detection of recurrence (sensitivity 89%, specificity 100%; study with 33 patients) [79] , with even higher values in 18 F-FDG PET/CT ( 18 F-FDG PET/CT sensitivity 94%, specificity 100% vs. CT sensitivity 82%, specificity 43%; study with 16 patients). Seo et al. [65] suggested that PET/CT may also provide prognostic information as tumour recurrence could be predicted by 18 F-FDG PET/CT. This hypothesis is based on a study that found a lower disease-free survival if the primary tumour showed high metabolic activity with a cut-off value of SUV mean 8.5 (study based on 27 patients with iCC). Another study (25 patients) with distal bile duct adenocarcinoma revealed total lesion glycolysis (TLG) as a better prognostic marker in primarily resected patients than SUV max [80] . Onal et al. [81] reported that 18 F-FDG PET/CT may be useful for radiation planning, with a possible dose reduction for adjacent organs at risk of 17% (right kidney, liver; study in 15 patients with eCC).
In conclusion, 18 F-FDG PET/CT seems to be a promising diagnostic tool in the primary staging of CC regarding N and M status. 18 F-FDG PET/CT plays a major role in the detection of tumour recurrence where this hybrid modality has great potential for differentiating between post-therapeutic changes (including fibroses due to radiotherapy) and tumour recurrence ( fig. 5) [82] . Moreover, PET/CT may be useful for the monitoring of treatment response, as metabolic changes may precede the anatomical ones [83, 84] ( fig. 6, 7) .
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